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Muon Collider: the path to new high energy scales

The P5 report has set a new aspirational scale for high-energy exploration: 10 TeV

ultimately bring an unparalleled global facility to US soil.

“l...] we recommend targeted collider R&D to establish the feasibility of a 10 TeV pCM muon collider. A key
milestone on this path is to design a muon collider demonstrator facility. [...] can benefit multiple science drivers and

P5 Report

Recognized as well in the previous European Strategy, new input in preparation.

Fermilab, Aug 7"-9"" 2024,
indico.fnal.qov/e/usmc2024

e international effort \

e > /0 institutions

e bringing together
accelerator,
instrumentation and

UON Collider

/« International theoretical physicists.

K C ollaboration https://muoncollider.web.cern.ch/ /

US community
workshop at
FNAL

274 (+25 remote)
registered;
~230-240
attended
in-person


https://www.usparticlephysics.org/2023-p5-report/
http://indico.fnal.gov/e/usmc2024
https://muoncollider.web.cern.ch/

The physics we dream of discovering

A multi-TeV muon collider is a powerful, scalable and flexible experimental setup
to unlock answers to very profound questions.
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Key Accelerator Parameters & Footprint poceeratr & Do |

End-to-end design with site considerations at CERN and Fermilab
e possibility of staging in energy (3 — 10 TeV) or luminosity

DO

proton-based

Muon Collider by Collision c.o.m. Energy | 3 TeV 10 TeV
uinjecor F A Muon Collder \ Accelerator Target Luminosity 1 ab™ 10 ab™
\ ~1 0;\11" ﬁl'l;:;;?{?ll('(’ i
......................................... DA\ ! Bunch crossing AT ~10 ps ~30 ps
N > €S- & &
4 Ge' Target, 7 Decay 4 Cooling : : "0
e e e T Bunch length 5mm / 1.5 mm/
(spacel/time) <<1ns <<1ns

Design fully driven by the short muon lifetime

Key challenges have been identified and (multiple) conceptual solutions have been
proposed. No fundamental show-stopper, and redundant options.


https://arxiv.org/pdf/2411.02966

Key Accelerator Parameters & Footprint

{Accelerator & Detector

Parameters: 2411.02966

J

End-to-end design with site considerations at CERN and Fermilab

possibility of staging in energy (3 — 10 TeV) or luminosity

proton-based
Muon Collider

Muon Cooling Demonstrator

Aside:

~

proton  Target &

Cooling module

source capture Diagnostics ‘ Diagr\wstics
- o |
.............................. > | : ) IC -

4 GeV Target, mDeca
i Proton & pBunching

 Cooling x
Channel JJ j1 Acceleration

' e key accelerator
technology to
demonstrate

Des o

detector diagnostic needs
intersect expertise of this

—

T L i :

{ |

Workshop @ FNAL

Dedicated CPAD talk
by S. Jindariani

Key Challenges have be Community! https://indico.fnal.gov/event/64984/
proposed. No fundamen
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https://arxiv.org/pdf/2411.02966
https://indico.phy.ornl.gov/event/510/timetable/?view=standard#20-lgads-for-the-future-muon-c
https://indico.fnal.gov/event/64984/

Beam-Induced Backgrounds (BIB)

Muon beam decays e+e- pair production
V
W ut ut
) - - B
v \vv<<ve
e et

I I

Low-energy e*e” pair production
from beam-beam interactions;
produced at the interaction point.

Very high-energy electrons then interact with
surrounding material; relevant decays for the
detector can be produced 10s of meters away.
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Detector shielding

Dedicated shielding to absorb high-energy electrons from muon decays

D. Calzolari, L. Lee (2024 Fe

Tungsten “nozzle” (shielding)

60 g

Conical “nozzle” shields
in forward region

0
— 600 —500 —A400 — 300 —200) —=100 0
2 [em|

A mechanical engineering

Particle production from single muon decay 25m away. Challenge In construction,
Nicely absorbed by nozzle. SUppOI’t and integration.

Now imagine ~10M of these
decays...



BIB simulation

Detailed simulations to assess the environment around the interaction point

D. Calzolari

1. Lattice design

The magnet optics is
computed via dedicated
codes (e.g. MAD-X).

The output is a twiss file,
containing the machine
elements in a sequence

.......................................................

«+++| Machine-Detector
Interface: MDI

6 FLUKA geometry model\

Via LineBuilder (LB), complex

geometries are assembled in a
FLUKA input file

The

Example of a LB

3. BIB simulation

With the built geometry, a
FLUKA simulation is run.

position and

momentum of the decay
muons are sampled from
the matched phase-space

application: LHC IR7 /

.......................................................

..........................

~

4. Detector Simulation

Geant-4 based detailed
geometry description
based on DD4Hep.
Custom digitization as

Kneeded.

~

)

[ Iteration with lattice design ]

( 818 data to detector experts )

1 experts to i the BIB J

e Large flux of e/y and neutrons

e ~ constant with collider energy

o muon lab-frame lifetime
o primary electron energy

Monte Carlo simulator | FLUKA | FLUKA |
Beam energy [GeV] 1500 5000

p decay length [m] 93.5 - 10° 311.7-10°

pu decay /m/bunch 2.1-10% 0.64 - 10°
Photons (E, > 0.1 MeV) 70 - 106 107 - 106
Neutrons (E,, > 1 MeV) 91 - 106 101 - 106
Electrons & positrons (E.+ > 0.1 MeV) 1.3«10° 0.92 - 10°
Charged hadrons (E,+ > 0.1 MeV) 0.020 - 106 0.044 - 108
Muons (E,+ > 0.1 MeV) 0.0033 - 10° | 0.0048 - 106




BIB characterization

Radiation maps of the detector

e comparable or lower radiation environment
with respect to HL-LHC

Maximum Dose (Mrad)

R. 689

400 &
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Neutron fluence (cm”~-2 per bunch x-ing)

Maximum Fluence (1 MeV-neq/cm?)

R=22mm R=1500 mm | R= 22 mm R= 1500 mm
Muon Collider (3 TeV) 10 0.1 10 10
HL-LHC 100 0.1 e 19
Muon Collider (10 TeV) 20 0.2 3 % 104 1014




BIB characterization

Dedicated CPAD talk
by K. Kennedy

J

LLong tails can be suppressed by detectors with precise timing (10-100 ps)

Remains a cloud of low-energy particles

dN/dt [ns™']

Mostly electrons and photons

1 beam, Lattice v0.4, Vs=10 TeV
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https://indico.phy.ornl.gov/event/510/timetable/?view=standard#35-machine-detector-interface

Muon Collider Detector Design

The detector is our interface between collisions and the physics we are after.
e Is it possible to design a detector capable to unlock the promising physics behind

multi-TeV muon-muon collisions?

e What technology needs to be developed and what challenges overcome?

Silicon Tracker

Hadronic Calorimeter
(Steel+Scintillators)

5 ~ 3.57 T Solenoid
~ Muon Chambers (RPC)

Nozzle (~Tungsten)
Current design limits acceptance
to 8 =10°

Detailed Geant4-based simulation, dedicated

EM Calorimeter (Tungsten+Si)

digitization and event reconstruction software.

Initial concept adapted from CLIC
for a 3 TeV Muon Collider
Software suite for simulation,
digitization, reconstruction
o detailed digitization as needed to
study viable technologies
o realistic prototypes of dedicated
reconstruction algorithms
o ILCSoft — Key4HEP
Overlay of realistic BIB simulations
11



10 TeV detector concepts

Lots of community interest!
Test several detector concepts in the 10 TeV environment

Dedicated CPAD talk
by B. Roser

MAIA Detector Concept e 10 TeV MUSIC Detector 10 TeV MAIA D

Solenoid between ECAL and HCAL Solenoid inside Calorimeters

Some highlights:
e Shielding reoptimization
e Tracker layout optimization
e Solenoid strength / position / description
e Calorimeter technology and dimensions .,

arXiv:2411.XXXXX (soon to appear)


https://indico.phy.ornl.gov/event/510/timetable/?view=standard#122-the-maia-detector-for-a-10

Tracking Detectors

Exploring all-silicon tracker layouts.
e Other options could be explored!

BIB manifests as cloud of hits from many
low-energy particles.

e achallenge for both detector readout as well as
track reconstruction

Detector HL-LHC Hit Muon Coll Hit
Density [nm~2] | Density [mm~2]
Pixel Layer 0 0.643 3.68
Pixel Layer 1 0.22 0.51
Strip Layer 1 0.003 0.03

Hit density per bunch-crossing, after timing selections

Bunch crossing rate ~100kHz (MuC) vs ~40MHz (LHC)
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Reducing impact of BIB in the Tracker

Key handles for discrimination:

e Precision timing

e Directional information

(@)
@)

e Energy deposition

cluster shape analysis
close-by (~mm) layers

High-granularity and precision timing tracking detector
— 4(/5)D Tracking is a requirement!

Sub-Detector Technology # Layers "Cell" Sensor Hit Time | Signal Time
MAIA/MUSIC /Rings Size Thickness | Resolution Window
Units pm? pm ps ns
Vertex Barrel Pixels 4*/5 25x25 50 30 [-0.18, 15.0]
Vertex Endcap Pixels 4 25x25 50 30 [-0.18, 15.0]
Inner Barrel Macro-Pixels 3 50 x 1000 100 60 [-0.36, 15.0]
Inner Endcap Macro-Pixels 7 50 x 1000 100 60 [-0.36, 15.0]
Outer Barrel Macro-Pixels 3 50 x 10000 100 60 [-0.36, 15.0]
Outer Endcap Macro-Pixels 4 50 x 10000 100 60 [-0.36, 15.0]

10%) [C__Jt<15ns

NE l_|.__ - t<3 Oreso
o I I timing + loose cluster cut|
e [ timing + tight cluster cut
X 10 ‘
om i E
- E
Q ‘\_l_\_‘—
g 10°%
) E
- E
3
-
s 105 L
5

1. VX Barrel: IT Barrel:

- Time Reso: 30ps 60ps
10°" | | | | | | l | [
ia 1b 2a 2b 3a 3b 4a 4b 1 2 3
Layer index
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Tracking Algorithms

Successfully demonstrated LHC-style algorithm optimized for this environment can
successfully disentangle signal from beam-induced backgrounds.

MAIA Detector Concepi -

> — — —rT —TT —rT —rT —r—T — T
8 1= T T T T T T T T ~ . r T T T
ko) L i JMET el "ﬂ:"FH:’} 3 2 1.05 Muon Collider 40°¢0<140°
% C :F& 5 s 2 [ Simulation, with BIB ]
sos- ¥ " 3TeV detector i 5 o liticev0s vS=t0TeV E
k3] | . . : c " .:’:r.— —— _._+ .
g [ optimized i S - L e
i e o S 0.75F -+
5 B Muon Collider ] 9 F ] _ _ _ 1
¥ o4l Simulation B 8 r single particle simulation
S L w/o BIB overlay & 0.50( -
- Vs = 1.5 TeV overlay - E .
0.2 _ _ _ _ — 0.25 4 Before Cleaning -
C single particle simulation ] L 4 After Cleaning ]
Lo oo 8o e el e voer vy o0 v o Boon op g 0 ue ol oy vury gy ] L ; A i N
%2020 60 80 700 120 140 160 180 0.00% 250 500 750 1000

Particle 6 [°
Kieell pr(GeV]

e Modern and well-maintained code libraries: ACTS
e Still computational challenging: O(mins)/event
o BIB/fake tracks from 100k / event to O(1) / event after quality selections

15



Tracker Sensor Technology

A rad-hard, granular and precision-timing capable sensor!
e multiple technologies that can evolve to meet those requirements

o many based on LGAD, but also 3D sensors, wide band gap materials, ...

e synergy with HL-LHC and other projects

AC-LGAD

et W Contact Motal

TI-LGAD
Trench

SiC-LGAD

DS-LGAD

3D Sensors
p active - edge electrodes

e
Track

Internal 3D electrodes

Thin Film Sensors

Position resolution [um]

FNAL 120 GeV proton beam
T

One example:
Long AC-LGAD Strip sensor

SH4, 180V
T

80 Tt — 80
705_ Combined position resolution ~57O
60 E_ Time resolution _550
sof- arXiv:2407.09928 {50
305— —fso
205— —520
10?— —210
Ell ! 11:
-15 -1 -0.5 0 0.5 1 1D

Track x position [mm]

Time resolution [ps]
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Tracker Front-end Electronics

Dedicated CPAD talks by T. Heim,
also B. Markovic, J. Sorenson, C.Mills, ...

Several new or fundamentally different features in a tracker FE electronics

low-power TDC e
for “every” channel

4

Floorplan
Decoupling Caps

Decoupling Caps

/

=N

=

28nm tech,
memory ->
rocessin

on-chip
filtering / sampling
/ selective
powering /

triggerless and

high-bandwidth
data

transmission
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https://indico.phy.ornl.gov/event/510/timetable/?view=standard#76-unique-pixel-detector-requi
https://indico.phy.ornl.gov/event/510/timetable/?view=standard#29-28nm-sub-10ps-tdc-asic-for
https://indico.phy.ornl.gov/event/510/timetable/?view=standard#66-characterization-of-the-met
https://indico.phy.ornl.gov/event/510/timetable/?view=standard#95-smart-pixels-towards-radiat

4D Tracking Demonstrator?

A. Schwartzman

{ Dedicated CPAD talk by

Moving from single prototypes to (small) integrated systems adds significant
complexity, but necessary in learning to build functional large-scale detectors.

FdTracking

U.S. 4D Tracking collaboration proposal
A path to 4D tracking demonstration

» Contents

u 1 Introduction
12 2 Overview of future collider detectors

13 3 State-of-the-art in fast-timing Sensors
3.1 Low Gain Avalanche Diodes (LGADS) . . .. .. ... ... ..ot

15 4 State-of-the-art in fast-timing Electronics
1 5 Facilities and test beams

17 6 Towards a proposal for a 4D Tracker demonstrator

workshop 2024

4D Tracking workshop

Simulation, reconstruction, and
applications

Sensors

Electronics

Facilities / Test beam
Collaboration proposal

18


https://indico.phy.ornl.gov/event/510/timetable/?view=standard#120-highlights-of-the-us-4d-tr

Calorimeters

Diffuse Beam-Induced Background energy deposits in both electromagnetic and
hadronic calorimeters.

10 GeV photon Lo XA T LI + BIB in ECAL

Somewhat similar in nature to what we’re learning to deal with for HL-LHC.
e learning how BIB is kind-of LHC pile-up.. until it’s not

19



BIB impact in the Calorimeters

Most BIB energy deposited in first layers e AL
. . 2 F —— BIB in ECAL barrel 3

e particularly severe for the EM calorimeter s & . :

o longitudinal segmentation critical L e
Realistic modeling of signal formation for various [ N
technologies to understand full impact.
‘05;“ I _;

1600 1800 2000 2200 2400 2600 2800 3000

1400
distance from the beam axis [mm)]
40 Mev-eq Muon Collider Simulation Photons [1-1000] GeV
v 08 10° — 45
N = 2
lnglger - ) ) 0 7.‘ " H 4 -
integration window "; I [3] W BIB
o E s - S 35
E 0 63 c TR X SO : - ~+-w/o BIB
. 2 af e
8 o5 10 g
] ; 25

0.4
V(trig)

llHlHHlHIIJHHlIHIJ!IH:!HI

03 " % .
t 10’ &
0.2f g _#
0.1} =
. . > t(MC) f a ) S IV IV I IV ISP P B I BT |
t (start) t(blind) t (trig) t (end) 070'-1-~~0~~-0—1~~0—2~ (VR BV, B B St 1 0 100 200 300 400 500 600 700 800 900 1000

hit time [ns) True Energy [GeV] 20



Calorimeters needs and performance

0 200
31
o 180
U 160
140
120
100

Key detector characteristics:

e large dynamic range — physics needs

e short integration time
e good time-of-arrival resolution
e longitudinal segmentation

e good radiation hardness
e good energy resolution for physics.

{s=3TeV, 1ab”
Muon Collider D. Zuliani
Simulation
. up—=vvHE=YY)
o, ~ 6 GeV

with BIB overlaid

H —yy

HllIIIllII|III[HI]IH'III'IHIIII[HT'

0 20 40 60 80 100 120 140 160 180 200

invariant mass [GeV]

Events / (2 GeV)
n

w

o

=3

o
IIII||II||III|IIII

2000—

1500

1000

oO

Muon Collider
Simulation

{s=3 TeV, L=1ab"

p,() > 40 GeVic
@)l <2.5

—4- pseudo-data
— fit total
— H- bb
—— Z— bb + Z- ¢

20 40 80

P T AT IO D
80 100 120 140 160
dijet invariant mass [GeV]

180 200
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Calorimeter Technologies: e.g. EM calorimeters

Both homogeneous and sampling calorimeters being considered

Crilin
PbF2 Cherenkov
Calorimeter

50 - e ——— X
3 69 ps 3
| test-beam own.rc = gy ® 1195 |

30 F S0 ps

OMT,B =W@7P$

i
1 1 8
7 8 9 10
Egep [GeV]

Sub-Detector Technology Cell  # Longitudinal Time Integration Signal Time
MAIA /MUSIC Size Slices Resolution Time Window
Units mm? ps ns ns

EM Cal - Barrel W+Si/Crystal 5x5 50/6 /50 /25 [-0.25, 10]
EM Cal - Endcap | W+Si/Crystal 5x5 50/6 /50 125 [-0.25, 10]
HAD Cal - Barrel Iron + Scint. 30 x 30 75770 - - [-0.25, 10]
HAD Cal - Endcap | Iron+ Scint. 30 x 30 757170 - - [-0.25, 10]

Many more other options being developed that

could and should be considered!
~CMS HGCAL
mﬂ- RadICAL LYSO and tungsten mashs~i00pT

sampling calorimeter
Ping plast|c scintillators

r
Optical waveguides
to remote photosensors

22



Solenoid

Large aperture and high field solenoids are complex objects that take many years to
design and manufacture!

e baselined 10 TeV detector with 5 T solenoid
e momentum resolution to high-pT particles, reduction of incoherent e*e” pairs

Initial studies on realistic field maps and geometry implementation.

D >
Fewer curlers More bending
Pair production overlay in [-0.5, 15] ns range Vs =10 TeV

verage number of hits / cm 2
.
ou

T | -7 IR} > | R

1 111 II 1 1

100 E
Vertex detector only
I —BarrelLO(all) ---- Barrel L2 (all) - Endcap L3 (all)
i Bamlal LO (time) : Barrel L2 (time) Endcap L3 (time) |
| 1
0 1 2 3 4 5

Solenoid magnetic field [T]
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Muon Detection

Much reduced BIB flux, within reasonable readout window Muon Collider 1.5 TeV - Neutron Hit Rate vs 6

-y
<

S
T

Several technologies being compared
e also considering removing and using highly
segmented calorimeters as muon “taggers”

-

S
w

Il[

10°

Neutron Hit Rate (Hz/cm?)

E =+ Triple GEM
: . - |[=RPC
Physics case established to tag very 10 (s
A - :
forward muons; complex detector ,\@ 6 ~10mrad | |HPicosec arXiv:2203.07224

Concept /"L ‘_ g ] J&I‘ B=-|10‘ \0'?121 12"‘-25" 25'--‘451 ;4‘5"
e through shielding e

e very high-radiation —
j\J\-wz

e complex readout o
_\; 6 ~ 10 mrad
A

|
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Connect back to physics!

Full simulation studies

Cross-section measurement uncertainty

e understand overall Full sim Fast sim
H->WW 2.9% H->WW 1.7%
de’Fector perfqrmange Ho>77 17% Ho>77 11%

e Vvalidate fast-simulation :->bb 3-875% :->bb 2.075%
' ' ' -> oo -> Oo
studies used for building ~ Hooyy 8654 Hosyy Py

the physics case!

o 54 productlon [Tty coIhsmns s = 3TeV 1ab arXiv:2405.08858

& T L e B e e REEEEmEm
£.10° Dlsappeanng Tracks Soft Tracks (this work)
P

—506 ---95% CL limit —506 ---95% CL limit
AL Higgsino (100% Qh?) I Wino (10% Qh?) A 5-plet (1% Qh’)

HL-LHC
95% CL limit

g fmieiaimim e . e tmimigefTaiaiaiaa

e PR . IO iy T e, AN

|||||||||||||||||||||||||||||||||||||||||

10500600700 800900 7000 1100 1200 1300 1400 1500
m(x;) [GeV]

arXiv:2405.19314

Fraction of events

o
-
(=2

- Muon Collider —— w s HHX > bBbBX
O‘Mj Simulation —— W -a,54,3X
0.12[— —]._, ) - W Hq q X
it L
0.08— T ——
0.06[- |
0.042 g = '
0.02—
00;‘ B Eam R v T Snes T R A T

{s=3TeV,L=1ab"’

} 1
Multi-Layer Perceptron
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Conclusions

A multi-TeV muon collider offers exciting physics opportunities

On designing a detector that excels in this unique environment:
e Phase-1: prove a minimal design that can extract the needed physics and identify
possible technologies that can evolve to those needs

26



Conclusions

A multi-TeV muon collider offers exciting physics opportunities

On designing a detector that excels in this unique environment:
e Phase-1: prove a minimal design that can extract the needed physics and identify
possible technologies that can evolve to those needs
e Phase-2: explore different ideas, prove needed technologies
o many more details not covered here: PID, Luminosity, and much more!

Blue-sky R&D cutting across many RDC groups!
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Conclusions

A multi-TeV muon collider offers exciting physics opportunities

On designing a detector that excels in this unique environment:
e Phase-1: prove a minimal design that can extract the needed physics and identify
possible technologies that can evolve to those needs
e Phase-2: explore different ideas, prove needed technologies
o many more details not covered here: PID, Luminosity, and much more!

Blue-sky R&D cutting across many RDC groups!

Join a fast-growing community interested in these challenges and opportunities

https://muoncollider.web.cern.ch/
muoncollider-detector-physics@cern.ch
il Updates on US effort organization:

International i
UGH Colfticy usmcc-info@fnal.gov

Collaboration
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https://muoncollider.web.cern.ch/
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=10343454
https://listserv.fnal.gov/scripts/wa.exe?SUBED1=usmcc-info&A=1

BACKUP
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Internal Outline

. [1] Muon Collider motivation - P5 + organization
[1] Physics motivation
[1] Accelerator Design; important parameters
generic message on implications on detector design
[2-3] Beam-Induced backgrounds -> ad BIB talk by Kylie
major factor in design of accelerator and detectors
source, mitigation (nozzle), characterization, (simulation)s
o radiation damage projections
mechanical challenges in nozzle design -> RDCXX
[2] Detector concepts -> ad detector performance talk(s)
intro, disclaimers, aims
simulation, digitization, reconstruction and software
[5-6] Tracking detectors
strawman layout; low-level plots and BIB impact; cluster analysis (double-layer, shapes); tracking performance => requirements (see Timon’s talk)
Sensors -> ad Sergo’s talk
FE readout chip and DAQ -> Bojan’s talk
4D workshop ad and summary talk
° [4-5] Calorimeters
o BIB longitudinal distribution and general considerations
o EM Calo R&D options: Crilin, Si-W, ... see also RADICAL talk

o Had Calo R&D options; segmentation, tracking
o Jets, photons, and b-jet reconstruction
. [1] Solenoid
o position, lack of magnetic field in MS so far?, technical challenges
. [2] Muon system
o brief: strawman approach,
o forward-muon [tracking] detectors challenges
. [1] Others detectors
o PID, DAQ considerations, ...
° [1] Physics simulations and results
. [1] Conclusions

TOTAL: 22+3 slides; talk should be 25’+5’ — OK

30


https://indico.phy.ornl.gov/event/510/timetable/?view=standard#35-machine-detector-interface
https://indico.phy.ornl.gov/event/510/timetable/?view=standard#122-the-maia-detector-for-a-10
https://indico.phy.ornl.gov/event/510/timetable/?view=standard#76-unique-pixel-detector-requi
https://indico.phy.ornl.gov/event/510/timetable/?view=standard#20-lgads-for-the-future-muon-c
https://indico.phy.ornl.gov/event/510/timetable/?view=standard#29-28nm-sub-10ps-tdc-asic-for
https://indico.phy.ornl.gov/event/510/timetable/?view=standard#120-highlights-of-the-us-4d-tr
https://indico.phy.ornl.gov/event/510/timetable/?view=standard#31-radical-ultracompact-fast-t

Physics at a multi-TeV Muon Collider

Large breadth of physics program, as needed from a big project
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Vast program of electroweak measurements
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including high precision measurement of the Higgs potential
o« multi-TeV discovery machine with large direct and indirect reach beyond LHC ;

10"

~10M Higgs bosons, small physics background => precision Higgs physics
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Software for detector studies
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Design

Realistic suite of G4-based simulation, digitization, reconstruction software
e Dbased on ILCSoft, migrating towards key4hep
o full overlay of realistic BIB simulations
o detailed digitization as needed to study viable technologies

Fast DELPHES-based simulation for high-statistics physics studies.

Evaluation -
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